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By Gerald G, Kayten and William Xoven

STIRIARY

Stability and control characteristics determined
from tests in the Langley 19-foot pressure tunnsl of
a 0,2%75-scale model of the Douglas XA-26 airplane are
compared with those measured in flight tests of a
Douglas A-26B aivrplane,

Agreement regarding static longitudinal stabllity
as indicated by the elevator-fixed neutral points and by
the variation of elevator deflection in both straight and
turning flight was found to be good except at speeds
approaching the stall, At these low speeds the alrplane
possessed noticeably improved stability, which was
atbributed to pronounced stalling at the root of the
production wing. The pronounced rcot stalling dld not
‘ocour on the smooth, well-faired model wing. Elevator
tab effectiveness determined from model tests agreed well
with flight-test tab effectivensss, but control-force
varistions with speed and gcceleration were not 1in good
agreement, Although some discrepancy was introduced by
the absence of a seal on ths model elevator and by small
differences in the determination of elevator deflections,
correlation in control-force characteristics was also
influenced by the effects of fabric distortion at high
speceds and by small counstruction dissimlilarities such as
differcnces in tralling-edge angle. EHExcept for the wave-
of £ condition, in waich the tunnel results indlcated
rudder~force reversal at a higher speed than the flight
tests, agreement in both rudder-fixed and rudder-free
static directional stability was good, Nodel and alrplans
indicetions of stick-fixed and stick-frse dihedral
effect were also in good agreement, although some differ-
ence in geometric dihedral may have existed because of
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wing tending in flight. The use of model hinge-moment data
obtained at zero sideslip apoeared to be satisfactory for
the determination of aileron forces in sicdeslip. Fairly
good correlation in alleron effectiveness and control forces
was obtalned; fabric distortion may have been responsible
to some extent for higher flisht values of alleron force

at high speeds. Hstimation of sideslip developed in an .
abrupt alleron roll was falir, hut determination of the
rudder deflection required to maintain zero sideslip in a
rapid alleron roll was not entirely satisfactory.

INTRODUCTION

Althouzh the qualltative reliagbility of wind-tunnel
stability and control test results is generally accepted,
very few opportunities have arisen for determination of
the quantitative asreement beitween measured flying qual-
ities of an airplane and flying gualities predicted on
the basis of model tests.

In connection with the davelomment of the Douglas A-26
twin-engine attack bomber, a seriss of investigations has
been conducted at the Langley Laboratory of the National
Advisory Committee for aercnautics. These investigations,
the results of which have not been published, included
tests of a 0.2375-scale powered model of the XA-26 airplane
in the Langley 19-foot pressure tunnel and flight tests
of an A-26B airnlane. By use of the unpublished wind-
tunnel data, calculations have been made predicting the
flying qualitizs of the airwnlane for correlation with the
characteristics measured in the flight tests. The results
of the correlation are wresented herein; the flying gqual-
ities ares not discussed except for the purpose of comparison,
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RPLANE, AND TESTS

Photographs and drawinzgs of the A-26B airplane and

the XA-26 model are shown as figurss 1 and 2, respectively.
In table I general dimensions and specifications are shown
for the airplane and the model, as well as for the model
scaled up to airplane size, Some discrepancies of neg-
ligible importance are noted in this table but it can be
seen that, with respect to general dimensions, the Xa-26
and the A-26B are essentially the same airplane. As shown
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in figure 1, the model during the stability and control
tests was equipped with g fuselage nose which was somewhat
different from that of ths airplane. ‘The spinners shown
“on the model propellers were not used on the alrplane, and
the airplane oil-cooler ducts cuthoard of the nacelles
were removed from the model wing during the stabllity and
control tests with the exception of the alleron tests.

Ssveral more significant differences existed between
the model and the airplane. During most of the tunnel
tests the model rudder and the elevator, which were of
the plain overhang -balance type, remained unsealed, dbut
the airrplane control surfaces were equivped with rubberized
canvas seals., The control surfaces, all of which were
fatric-covered on the airvlane, were of rigid metal con-

struction on the model. The airnlane ailerons were equipped

»

with balancing tabs arrangsd sc that 8° of aileron deflec-
tion produced apnroximately 30 of opposite tab deflection.
On the model the balancing tab when connectad moved 1°
for a 1© ailsron deflection.

Thin metal strips were fastened to the uppsr and lower
surfacas of the alrplans elesvator causing small ridges
dirsctly in front of ths tab., These ridses were not
reoresented on the modsl, but their effect on eslesvator and
tab characteristics is belisvad to be negligible.

The wind-tunnel program included a falrly extensive
series of conventional stability and control tests. The
model aileron tests weps made 8t a Aeynolds number of
approximately 5.4 X 109, The remaining model tests
were made at a [Reynolds number of approximatsly 3.6 % 106
except for the tests at high thrust coefficlents, which
bacause of model motor limitations were made at Reynolds
numbers reduced to avproximately 2.6 x 106, The portion
of the flizht tests devoted to stability and control were
of the tvpe usually conductsd by the NACA for the vurpose
of determining the flying gqualities of an airplane, The
weliht of the airplane, which varied from 27,000 to 31,000
pounds in the flizht tests, was assumed for the analysis
of the tunnel data to be 23,000 pounds corrssponding to a
wing loading of 51.8 pounds per sguare foot. The analysis
was based on an altitude of 10,000 feet, which rsvresented
an apnroximate mean of the flight-test altitudes.

Analysis of the tunnel data has been made for condi-
tions representing airplane rated onower and T5-percent

rated power at the appropriate alrplane weight and altitudes
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and for a gliding flight condition. In representation of
- the gliding flight coandition, it has been assumsd that
enginss~ 1d11n“ and zero-thrust conditions may be considered
¢d6nt10al. Any discrepancy in results introduced by the
difference between these power conditions probably will

be small,

In computing slsvator, alleron, and rudder control
forces from model hinge-moment data, the corresponding
control linkazes measured on the airplane were used.

oF elevator deflection, degress
oy flap deflection, dezreos
O¢ tab deflection, degrses

Ch hinge-moment coefficlent ( H )

abc
Vi indicated airspeed, miles per hour
Fa elevator control force, pounds
- /

Te thrust coefficient T\

pV2D2)
pb wine-tivp heli -1 -
5% wing-tip helix angle, radians

S \
C1, 1ift coefficient (Llft)

\ ae
where
H hinge moment, foot-pounds
b wing span, feet
) root-mean-square chord, feet
a dynamic preSSure,.pounds per square foot

1.2
=pV
29

A



NACA ARR No. I5Hlla 5

p mass density of air, slugs per cubic foot

v airspeed;'feet per second

T total thrust (two propellers), pounds

D propeller diameter, feet

D rolling velocity, radians per second

S wing erea, square feet

a angle of attacik, degrees

Gy tail angle of attack, degrees

g acceleration of gravity, feet oer second per
second

RESULTS AND DISCUSSICHN

Longitudinal Stability and Control

Curves of elevator angle and elevator control force

reqdire' for trim in straight flight throughout the speed
enge are shown in figure 3. Various flan and power

comblnat“ons are cons idered at three center-of- rrav1tv
locations. For the flaps-retracted conditions, the tunnel
control-force curves were obtained by applying the tab-
effectiveness data of figure l. to the tab-neutral curves
estimated Trom the tunnel hinge-moment data. The amount
of tab deflection required to adjust the tunnel curve for
trim at the flight-test trim spe ed was determined for each
nower condition end center-of-gravity location, and this
amount  of tab deflection wag assumed consbtant throughout
the sveed range. Inasmuch as model trim-tab tests were
not made with flaps deflected, the trimmed control-force
curves for this condition were obtained by means of a
constant adjustment to each original curve of Cp

against CL' This constant hinge-mement shift is believed

justified because the data of figure li indicate a negli-
gible change in tab qu@CtLV@ﬂGSS with change in power
{(flans retracted) and because ahalysis of stabilizer-
effectiveness data indicates that the variation in
‘average dynamic-pressure rabtio with speed is small for
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the flaps~deflected condition. The flaps-deflected .
control-force curves for zero trim tab are included in
2

figure 3.

The sideslip required for straight flight at low
speeds was considered to have a negligible effect on the
longitudinal characteristics of this airplane; hence, the
characteristics determined from tunnel data are based on
tests at zero sideslip.

The varistion of tab effectiveness witn speed has
been calculated from flaps- “etracted wind~tunnel tests
made at elevator~tab settings of 5 and —30 with &g = O
and is shown in figure L. compsared with the flight-test
curve.

o

. Blevator deflections and control forces in steady
turning flight are shown in figures 5 to 7 for various
center~of'~gravity locations. The calculated results are
based on tunnel tests at the thrust coefficient approxi-
mately corresponding to the appropriate flight-test
conditions.

Although some small differsnces exist in the absolute
elevator sngles, the slopes of the curves in figures 3, 5,
and 7 show good agreement between tunnel and flight results
for both straight and turning flight, except at speeds
close to the stall. At these low speeds, the flight data
show pronounced increases in the amount of up-elevator
movement required for speed reduction in straight flight.
These marked incresases are not apparent in the tunnel data.
This discrepancy in results isg believed due largely to the
fact that the production airplane exnibited a decidedly
more definite stall at the wing root than did the smooth,
polished model. Although direct comparison of identical
connguratlons is not possible, the difference in stalling
characteristics at the wing root is indicated by the dia-
grams of tunnel and flight-test tuft studies shown in
figures 8 and 9. The more pronounced root stalling on
tle alrplane would, in all orobability, be accomnanied by
a reduction in downwas” and rate of downwash at the hori-
zontal tail as well es a decreasse in wing glt@ﬂlﬂ? moment,
resulting in en inprovemnent in stability and requiring
greater up-elevator deflections for tram. At higher air-
speeds the agreement betweeir flight and tunnel results is
reasonably consistent with the experimentsl accuracy of
both.
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The tunnel and flight curves of elevator-fixed neu-
tral point plotted against airspeed in figure 10 for the
flaps-neutral conditions agree to within aspproximately
2 percent of the mean aerodynamic chord except at low
speeds with idling power, This difference is practically
within the bounds of the experimental accuracy with which
the flight and the wind-tunnel neutral points are deter-
mined., The discrepancy increases with reduced airspeed
as the alrplane demonstrates comparatively greater stabillity.
Because of the difficulty in obtaining consistent neutral-
point results, particularly at very high airspeeds, neutral
points were not determined for these speeds. The curves
of fimure 3 serve as a measure of the stability in the
high-speed range and are, in fact, believed more reliable
for comparison throughout the speed range than the neutral-
point curves. Although the curves for the flaps-deflected
conditions are included for coupleteness, direct comparison
should not be made inasmuch as the flap settings used in
flight and tunnel tests were not identical.

Examination of the stralzht-flight control-force
curves of figure 3 reveals comparatively poor agreement
between tunnel and flight results. The force measurements
shown in the tab-effectiveness curves of figure h, however,
are in excellent agreement. Both flight and tunnel contrcl-
force measurements are believed to be accurate to within
aperoximately 3 pounds. Although some discrepancy in
the elevator control-force curves of figure 3 would be
expected because of the absence of a seal on the model
elevator, analysis based on brief check tests in which the
model elevator was sealed indicated that differences of
the magnitude shown in figure 5 cannot be attributed to
effects of the elevator seal., In an effort to determine
the cause of the disagreemgnt, the effects of the discrep-
ancies in elevator deflection were investigated. Hypo-
thetical control forces were computed from tunnel hinge-
moment data by using the values of elevator deflection
determined from flight rather than thosz determined from
tunnel data. For these computations, the wind-tunnel tab-
effectiveness data were used, but the tab deflection was
that employed in the flight tests. The curves obtained
in this manner are shown in figure 11 compared with the
flight-test data. In general, agreement in figure 11
appears considerably improved; for several flight con-
ditions, in fact, agreement is excellent up to speeds
above 200 miles per hour, beyond which the flight-test
curves become noticeably more stable. This differsence
may be explained to some extent by the observations of
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elevator-fabric distortion and 1nterag? vressures mads
during the flight tests. The internal nressures .were
found to be only slightly higher than free-stream stati
pressure, causing faorlc distortion of the tyre illus-
tratasd in figure 12. As demonstrated in reference 1,
elevator-fabric distertion of this tyve mav be expected
to produce increases in the variation of force with
airspeed at high spesds. Inasmuch as the flaps-retracted
flight-test trim speeds of figurs % are all in this
high-speed range, the trim-tab deflections required to
trim the control forces computed from tumnel data are
different from the tab angles used in flight, and the
control forces originally cowputed from tunnel data

(by using the amount of tab deflection required for zero
force at the high-spsed flight trim »noint) could not be
expected to agree well with the flight control forces.
The lack of agreement in the originel results was

further aggravated by the elevator-deflection differ-
enices at low speeds, caused by the root stalling effects.

In addition to the sffects of elevateor-deflection
differences, fabric distortion, ard elevator gap, agree-
ment in the control-force results is believed tc be

influeniced by small but significant construction discrep-
encies as, for example, differences in surface condition
and in trailing-sdge angle. At a representative section
the +ra¢11n9 ~edge engle measured on the model elevator
was 12. 7 whereas the correspending angle. mesasured on
the airplane was 11°. Tone of these effects would be
expected to influence appreciably the agreement in tab-
effectiveness results.

As seen in figures 6 and 7, the Tflight tests show
congiderably greater variations of control force with
scceleration, and the values of force ner g show con-
siderably greater varistion with center-of-gravity
location, although the elevator-free maneuver point

F
& =~ 0 1is aporoximately the same. 3Because the 'absence
g

of an elevatcr seal was beslieved to be more significant

in accelerated flight than in straight flight, control
forces were estimated for both the sssled and the unsealed
elevators by assuming constant pitching-moment and hinge-
momsnt slopes and using the sealed-elevator hinge-moment
data obtained in the previously mentioned check tests.
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The respective values of ©CL/06e and OCH/Oat used
in these comnmutations sgere -0.0037 and -0.0013 for the
unsealed elevator and ~0.0050 and -0.00%2 for the sealsd
elevator. The resulting curves of force cer g against
center-of-gravity locatien are shown in figure 1%. The
eurve for the unsealed elevator is practically identical
with that previously determined for thz unsealed
glevator (fiz. 7) by the method of reference 2. For the
sealed elevator the values of forecs ver g are still
very much lower than the flight-test values, although
the variation of "Fg/g with center-of-gravity location
is more nearly varallel to that determined in flight.
The comnarison of cgntrol forces in accelerated flight
has been made at a fairly high speed. Reference 1
indicates that febric distortion of the type experienced
in the A~26B flight tests may be expected to produce
increszsses in the variation of force with acceleration

in the normal center~of~gravity range and in the
varietion of ferce ner g with center-oif-gravity
location., This comparison as well as that for straight
flight would alisc be influenced by any differerices in
control-surface construction,

Agreement in the curves of elevator-frse neutral

voint egzainst airspeed (fig. 10(c))is rather poor and

scomes worse as the sveed increases, The flight-test
elevator-free neutral point moves rapidly rearward
with increesing spsed, and at high sveeds the airplane
annears more stable with elevator free thar with slevator
fixed, It is bhelieved thet this large rearward shift

in the elevator-free neutral point with increasing air-

~sveed mav be a result of the fabric distortion.

In general, the present correlation indicates that
successful prediction of elevator contreol-force charac-
teristics from wind-tunnel dsta can be made only if
extreme care is used in representing clesely the air-
plane In its construction form - particularly with regard
ta. the control surfaces. Agreement with flight
measuremsnts wmight also be improved considerably if
effects such as fabric disbortion could be taken into
account. A more beneficial solution, however, would
be to winimize these effects in the construction of
the airplane,
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Lateral Stability and Control

Steady sideslip characteristics.~ Cheracteristics
of the airplane in steady sideslips, which are used
as flight-test measures of directional stability, -
directional control, dihedral effsct, side-force
charecteristics, and pitching moment due tc sideslip,
are shown in figure 1. Altnougn complete hinge-moment
data for the model ailsrons and elsvator wers not
obtained in sideslip, aileron forces in sideslip were
estimated from the tunnel data by taking into account
the change in effective angle of attack due to sideslip
but assuming no direct change in aileron hinge-moment
chareacteristics with 01d°°llp.

For both 1dllng and rated~-power flight with flaps
retracted, figure 1l shows excellent agreemsnt in the
variation of control settings, angle -of bank, and rudder
force with sideslip, elthough come difference exists
in absolute values. Some of the difference in absolute
values may be due to the fact thaet mcdel tare tests ‘
were not made In sideslip. It is especially interesting
to note the close agreement in the varlation of aileron

angle with sideslip, which serves as a flight-test .

indication of dihedral effect. "It wes found in the
flight tests that the airplans wing in normsal flight
anpeared to bhend upward noticeably with respect to 1its
position at rest. Despite the wing bending, however, the
amount of effective dihedral determined from flight

tests was also found to be no greater than that which
would ordlnarllv ‘be expected for an airplsne of this

type with L.5° of geometric dihedral. Analysis of the
elastic properties of the model wing under load Indicates
that the model wing bending was negligible. On the basis
of the agreement between model and airplane results,

it appears that the observed airplane wing bending may
have had very little effect in increasing the dihedral
effect beyond the normal amount for l. 50 of geometric
dihedral. Further information regarding the elastic
properties of the airplane wing and the effects of

these nroverties would have been desireble but was

not availsble. Comparison of the flight and tunnel
aileron-force curves aspears bto indicate that little
error was introduced in determination of the latter by
the assumotion that aileron hinge-moment characteristics
remained unaffected by sideslip. The sideslip charac-

teristics with flaps deflected do not agree as closely :
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as do the flaps-retracted characteristics, particularly

In the case of the aileron-deflection and rudder-FTorce
varietions. The flight-test rudder forces show a tendency
toward reversal in figure 1lli(c) but do not actually
reverse as in the case of the model forces. At an
airspeed slightly lower than that for which the data

are vresented, however, rudder-force reversal did appsar
in the flight tests in this weave-off condition.

Dihedral effect with flaps deflected and rated power

at low speed appears somewhat lower in the tunnel
measurements than in the flight data. The flap deflecticn,
nowever, was 5% greater on the model than on the air-
nlane.

In figure 15, rudder hinge-moment characteristics
estimated from flight-test rudder kicks are compared
with rudder hinge-moment characteristics measured in
the tunnel tests with flaps retracted. Although the
model rudder hinge-moment and force results are for an
unsealed rudder and are also subject to effects of small
surfsace and trailling-edge irregularities as In the case
of tlie elevator results, agreement in this respect is
good. As previously shown in figure 1, the rudder
forces in steady sideslip are in good agreement for
this flap condition: In regard to rudder hinge moments,
the tunnel results, which showed no positive values of
the parsmeter O0CJn/0a for the rudder, indicated that no
rudder snaking would occur in flight. This indication
was confirmed in the flight tests.

Aileron chsracteristics.- No tunnel tests were made
to investigate eileron characteristics for the 3:8 tab
linkege with which the alrclane was tested. 1If, however,
linear tab effectiveness is assumed, these characteristics
for the flans-retracted condition can be estimated from
the results of tunnel tests of the plain ailerons and
the ailerons with a 1:1 balancing-tab ratioc. Estimates
of control force and helix angle made in this manner
are compared with flight measurements in figure 16 for
indicated airspeeds of 1325 and %83 miles per hour.

As recommended in reference 2, helix angles were
estimated as EE = 9i§9£, where C,; 1s the total aileron
2V Czp

rolling-moment coefficient and a value of 0.57 was
used as the damping-moment coefficient CZp‘ Although
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the angles of attack selected for these estimates
correspond to rated-power flight at the approoriate
speeds, the mocel aileron data wsre obtained in nower-
off static tests. Inasmuch as the tunnel measurements
were made for right rolls only, the tunnel estimates
are exactly symmetrical for right and left rolls,
whereas the flight results are not. Agreement in the
curves of helix angle is excellent in the range where
comparison was possible. There is, howsver, some
indication that the tunnel estimates, based on the
arbitrary 0.3 factor, might he slightly optimistic for

igh deflections at high speed. At the low airspeed,
agreement in the force curves is good excent at the
highest alleron deflections, where the control forces
for given aileron deflections are slightly higher in
the flight records than in the tunnel estimates. At
the high speed, the control force required in flight
for a total aileron deflection of 149 ig approximately
L0 pounds (or Z8 vercent) greater then the force
indicated by the estimated curve. Thé greater dis-
crepancies in the control forces at the high speed are
believed largely due to the effects of aileron fabric
distortion. As in the case of the elevator, the
alleron fabric was found in the flight tests to undergo
considerable distortion st this high speed. The
distortion was in a direction to produce higher control
forces.

If the assumption of linear tsb effectiveness is
not entirely valid, actual wind-tunnel tests with a
%3:8 tab linkage would indicate the control forces
somewhat lower than those estimated herein for the
3:6 linkage at the higher deflections.

Sideslip due to alleron deflection.- Curves of
sideslip angle and rolling velocity against time in
an abrupt rudder-~fixed aileron roll out of a 30° banked
turn are shown in figure 17. 1In addition to the simpli-
fied sidesliv estimate of reference 2, the motions have
been calculated by the operational method of reference 3
and alsc by the tabular-integration method of reference
in which slope varistions in the curves of rolling-
moment, yawing-moment, and side-force coefficients
against engle of sideslip are taken into consideration.
This method of tabular integration has been shown in
reference Ly to be more relishle for general use than
methods requiring the assumption of constant slopes.

s
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For the subject airnlane, which exhibited essentiaily
o i 3 i o/

constant slovnes, the three methods of comp utat1on based
on wind-tunnel results eaovear to give very similar
esults with respect to maximum sideslin ar“le, all of
which are avnproximatsly L0 higher thean the flight-test
value. Among the factors nos 51017 TOﬂLrLbJLLna to the
lack of w=srfect agreement 1s the difference bLetwsen the
instantansous control deflsction sssumed for the couwpu-
tetions end the actusel control uovemsnt in the flight
test. Another factor influercing toe results may be the

C!‘CDC
he

in its roll out of the turn. Although no flight record
of normel acceleration was obtained for the test in
guestion, similar [lizht-test results indicate thet a
considerable varistion may have occurred Jurlnﬁ the
maneuver. Analysis indicsates that the chenge in normal
acceleration and conseguently, 1ift coefficient may

;

introduce COndlblODS considerably different from those
considered in ths theoretical alcwlﬁtions.

A simnle static estimate of the amount of ruddser
deflection required to meintain zero sideslip in en
aileron roll was made as suggested in reference 2; that
is, it was assuned thsat the desired rudder deflection
would be thet regquired to countsrsesct the combination of
aileron sadverse yawing moment and ing moment due to

rolling. The estimated value o“te;ﬁed by this method -
anproximately 8° for f‘sws—wetwqcted flight with level-~
flisht power et en indiceted sirsnesd of lh5 miles ner
acur.  Althougn no fllxht—test data were recorded for
full-aileron rolls at this flisht condition in' which
zero sideslin was mainteined by means of varving rudder
deflections, flight-test records for constant rudder
ettings indicate that *he rudder deflection estimated
from tunnel results would e noticeavlw lower than that
reguired in flight. For severel rolls witnh Sertly
deflacted allerons, however, essentially zero sideslip
was mainteined, and the estimsted rudder deflsctions
were found to be in fair sgreement with the maximum
deflections required in f1 .
CONCLUDING ?‘7”“7
Stability sand control characiseristics determined

from Lengley 19-foot-onressure-tunnel tests of a

chenge in normal accelerstien experienced by the sirplane
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0.2375~scale powered model of the Douglas Xa-26 airplane
have been compared with results of flight tests of a
Douglas A-26B airplane.

The significant results of the comparison may be
sumiarized as follows:

1. Good correlation was obtained regarding elevator-
fixed neutral polints and the variation of elevator
deflection in both straight snd turning flight except at
speeds approaching the stall. At these low speeds
the airplane showed g distinct Lmprovement in stability
not indicated by the model tests., The difference was
attributed to the fact that the pronounced stalling at
the root of the production zirplane wing dld not take
place on the smooth, well-faired model wing.

2« The variations of elevator control force with
airspeed and acceleration were not in good agreement,
Although some discrepancy was introduced by the absence
of a seal on the model elesvator and by small differences
in absolute values of ¢levator deflection, the corre-
lation in control-force characteristics was also
influenced by the effects of fabric distorticn at high
speeds and by small construction dissimilarities such
a8 differences in tralling-edge angle.

3. Elevator tab effectivensss as determined from
tunnel data was in good agreement with flight-test tab
sffectiveness.

L. Agreement in both rudder-fixed and rudder-free
static directional stability was good except in the
wave-off condition, in which the model tests indicated
rudder-force reversal at a higher speed than the flight
tests.

5. Model and airplane indications of stick-
fixed and stick-free dihedral effect were in good
agreement, although some slight difference in geometric
dihedral may have existed because of wing bending in -
flight. The use of model hinge~moment data obtained at
zero sideslip appeared to be gatisfactory for the
determination of alleron forces in sideslip.

6., Fairly good correlation in aileron effectiveness
and control forces was obtained. Fabric distortion was
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believed resvonsible to some extent for higher flight
values of sileron force at high speeds.

7. BEstimetion of sideslip develoned in an abrupdt
aileron rcll weas fair, but determination of the maximum
rudder deflection regquired to maintain zero sideslip
in an abrupt roll was not entirely satisfactory.

On the basis of these findings, it appears tha
]

acréement between stability and control characteristics
estimated from wind-tunnel recults and those measured
in flight cannot be comnletely satisfactory wurless
certain factors now usually neglected in wind-tunnel
tzsting can be taken into consideration. These facters
invelve small differences between the model and ths

airvlane snd include differesnces in elastic nroperties,

surface finish, and construction accuracy. These factors

should be considered, 1f possible, in future investi-
gations.

Langley WMemorial Aeronautical Leboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

GENERAL DIMENSIONS AND SPECIFICATIONS

Item 0.2375-scale XA=26 Full scale based on Full-scale
model 0.2375=-scale model A-26B
Wing:
Area, sq ft 30.488 540.510 540.0
Spen, ft 16.676 70.22 70.0
M.A.C., Tt 1.930 8.1 8.13
Geometric aspect ratio 9.08 9.0 9.07
Taper ratio 0.453 0.453 0.45
Sweepback of L.E., deg 1.90 1.90 1.90
Incidence, root, deg 2 2 2
Incidence, tip, deg 1 i
Dihedral, deg Iy

Alrfoll section, root

Airfoll section, tip

Wing flaps {(double slotted):
Area (behind hinge line), sq ft

Allerons:
Aree (behind hinge line, total of two
allerons including tabs), sq ft
Span, ft
Balance~tab area, total, sq ft

Horizontel tall:
Span, ft
Area, including fuselaege, sq ft
Incidence, deg
Dihedral, deg
Elevator area (behind hinge line), aq ft
Balance erea, sq ft
Trimming~tab area, total, sq ft
Distence elevator hinge line to
25 percent M.A.C. of wing, ft

Vertical tall:
Area (excluding dorsal), sq ft
Rudder area (behind hinge line), sq ft
Trimmingetab aree, sq ft
Helight ebove top of fuselage, ft

Propeller:
Diameter, It

-5
NACA 65(216)=215
(a=0.8, b=1.0)
NAGA 65(216)-215
(a=0.5, b=1l.0)

3.154

1

L.s
NACA 6%(216)-215
(a=0.8, b=1.,0)
NACA 65(216)=215
(a=0.5, b=1.0)

55.91

.23
10.92
2,38

22.68
116,10

0 8
10.
32.26
10.30

2.58

30.06
T1.35
23,12

2.28
10.00

12.58

k.5
NACA 65(216)-215
(a=0.8, b=1.0)
NACA 65(216)-215
(a=0.5, b=1.0)

55.9

10.60
351
2.6

30.05
T1.35
22,1

' 2.28
10.0

12.50
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{a) A-26B airplane.

Figure 1.- Three-quarter front views:of Douglas A-26 airplane
and model.
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{b) 0.2375-scale model of XA-26 airplane mounted
19~-foot pressure tunnel.

Figure 1.- Concluded.
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Figure 2. = [hree-view drawingsof a Douglas A-26 airplane and model.
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272.28" !

273.19"

70.22'

50198'

45" dihearal

) 0.2375-scale model of Douglos XA-26 arplone.
Figure 2= (onchuded. C

Dimensions are those of the 0.2375-scale model
converted to airplane size
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| (b) Flaps retracted, 75-percent rated power.
Figure 3.-Continued.

*814

Q¢

*ON ¥¥V VOVN

BTTHGT



-
380 :‘LI 20
o c.q. Jocation X N
S a0 (oercent MAC) o 0
. , Yy A ¢ N IPN =
N oo o1 Tumel  Flight 1ot >
8)-) 0 | 320 o h— O O ,I f 0 b
S 80 e o 20 N
—— 230 © \
s % g
BN 40 J =] ] /0 Q
% [5 a B 0 -~ L Q
S 11 T I 1 1 JTa 5 L N
0 = e —~% | o O Q
( N
R S | N
N 995 5 D Q
L o ’ W
W 40 o U T » /0
\g) (ORI PN ‘ 5 o
S ol Tt [Sr-plolof A1, S
/00 140 180 220 260 300 | 100 MO 180 220 260 300 S
ndicated  airspeed Inaicared arspeed N

W mph

Figure 3.- Confinued.

| ( c) Flaps rerracted; 0.

Vg, mph

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

*ON ¥dV VOVN

BITHGT

o¢ 314



§
S 4 c.q locaton . A
Q - 3 (percent MAC) 3 >
0 T S 0
@ LA Tunnel — Flight 1 >
%‘ 40 72 £98 o /0 %
S -——— 255 © \OQ,
N —— 208 © 0 o>
E , - /Zero rab O Qo
\t BES\"{JE\ B —~ HJ 0 g 8\
N 0 = 0
g S
40 0 =
S N
~ /Zero 7ab 0 QG
g 40 7 > 10 L:l
N s Reew:
Woo kel i | op %
qQ 20 60 o0 MO 180 2720 0 60 100 MO0 180 F0
- /ndicared airspeea, Indicaled  airspeea, 8
V. mph v, mph

NATIONAL ADVISORY

(0) Flaps deflected; rared power.  cmre o eommcs
Figure 3.-Concluded .

‘314

pe

*ON YYV VOVN

BITHST



NACA ARR No. L5Hlla Fig.
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Figure 4. -Variation of elevator frim-tab

effectiveness with airspeed.



NN
Y
3 1232 # MAC — Junnel
| Cg a reen C. —— T T
g i R o e = ——— Flght
s °F T |
R
~
SN __cqg ar 280 percent MAC. . —
L | I — T +—T
(% O —F——
w~
§ V)
Q 5|9 atr320 percent MAC
S 1L — NATIONAL ADVISORY
< L —_ T 1 | COMMITTEE FOR AERONAUTICS
8. O FT—T== ,
J

O
N

12

L6

20

24

Change /n normal acceleration,q

Figqure 0.~ Variation of elevator aeflection with normal acceleration

in steady turns. V;=260 miles per hour at /0 00C-fool altstucles

B=0'; roted power .

*ON HYV VOVN ‘314

BTTHS1



% 160 — Junne/ A Q. focation
v - (' percenf MAC)
N -=— Flight 14 TS
S 20 -
R - - PR32
1 Z
S 0 3 I e P | T
e L ’ =

% Vv | | /! // 280
Y 7 /,/:;/ ,_-4<:>%<//'
R
NP e I I
S o= 1

0 4 8 .2 16 20 24

Change in normal accelerar’on, @ uarona. aovisory
COMMITTEE FOR AERONAUTICS

Figure 6.-Variation of elevator control force writh normal
acceleration in steady rurns.V;=260miles per hour
af 16,000-Ffoot altitude ; & =0°%; rated power.

*ON HYV VOVN

BTTHGT

9 *314



*x)

ig. 7 NACA ARR No. L5Hlla

42

g 3

S

E -6 ' Tunnel
2O ——— Flight
W §

038 4

5 S

O e

gb o=

Q 2 S .

L \'\\\\ _

.
o) S

2

% /60

9 .

o)

)]

O 120

%8

94 N

*g\ 80 <

U ~

G ~N.

O ~

~ .

5 40 — ] <
Q2 e

20 24 28 32 36 A 44 I8
‘Center-of-gravity location, percent MA.C.

Froure 7-Varmation of elevator control- force and deflecrion
gradients with center-of-gravity location, V;=260 mites
per hour at [0,000-foot alfifude 5 §g0%rated power;
steady turning  Flight. O A

COMMITTEE FOR AERONAUTICS



NACA ARR No. LBHlla
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Figure 8.- Dlagrams of stall progression in the gliding condition.
Engines ‘1dling; flaps and landing gear up; cowl flaps closed;

01l cooler one-half open

Douglas A-26B airplane.
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Fure 9. - Power-of? stall dagrams for the 0.2375 -scole mode! of the XA-26 arrplane.

Standard mode/ configuration with airplane  ol/-cooler ducts; Reynolds number, 425 x 10°; -
Mach nimber, 0./3/; &p = o



10a

Fig.

L5H11a

NACA ARR No.

Lyblly oLy Ul
220D Yl LUIOD [DLLNBU JO JOILLDIID ~ () 841101

7044rBU DY ¢ PAXI] 4040AB]T ()

YW “ ) o30S0 PO LOIIPU/
ov/ Qc/ 00/

ocg  00c 08/

SOLLNYNOYIY 404 JILLINWOD
AYOSIAGY TVYNOILVYN
— LBMOQ —]
1" T—| poyso
o el R “x n/.m\
. L ,
L0 f — — — = <> MO0 03104
~ == LUBD/30-C)
j1ouur, —— i P g - A
V okl
L L _ _

44

&c

1C€

o¢

Or

L7 TV etV cloqy oV IgL Y,



44
| | -0
~ \\
g P~ \
O 40 T T ~
§ K 6255271 —— Tunnel
1(3 36 — ——— Flight
3 N §=550 |
> \ N
Q2 \ [LRared power
I \ /
3 . \ //
% <t N A5750°
t } ™= g - NATIONAL ADVISORY
8 ' 2 4 COMMITTEE FOR AERONAUTICS
=

/100 120 140 /60 /80 200 220
Inaicated airspeed, Vi, mph
(b) Elevator fixeds flaps deflected.
Froure 10-Continued.

-

*314

q0T

*ON HYV VDOVN

BTTHGT



40 —— .
- (@]
7 - >
3 | /" , 5
tg “36) 72:6)'\ f ,/’i g
:E \v\\i\\“,/ e - 7r *
N N 7 Tunnel -
N / ) on
S 32 \5‘\\ i — == Flight =
N D-percenty | /| K< 9 z
8 —rared power IR< 7072 B
. : %
1 28 S S
Q ~>\\\\ > ~ 4 77 ]
O / o A )%
3 24 power
S |
N NATIONAL ADVISORY
%Q) 20 COMMITTEE FOR AERONAUTICS

/100 /20 /40 /60 /80 2 00 220
/naicared airspeed, W, moh
(c) Elevator free; flaps neutral.
Figure I0-Concluded.

‘314

201



Fig. lla ’ NACA ARR No. L5H1lla
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NACA ARR No. L5Hlla Fig.
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Figure 12.~E levator-fabric distoriion at
various indicated airspeeds, Douglas A-268
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MAC excepl where rofed.
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NACA ARR No. L5H1lla
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Figure [5-Variation of rudder hinge-momerit coefficient with rudder deflection
and angle of sidesip ar Vi=/40 mites per hour. Flaps retracted.
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NACA ARR No. L6Hlla Fig. 16
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Fig. 17 NACA ARR No. L5Hlla
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